The primary objective of this study was to determine water use efficiency (WUE) and pepper yield under different irrigation and fertilization regimes. For this purpose, a three-year field experiment was conducted with pepper, grown in a plastic house in the Skopje region. Four experimental treatments were applied in this study. Three of the treatments were drip fertigated (DF1, DF2, DF3), while the last one was furrow irrigated with conventional application of fertilizer (ØB). The results obtained clearly showed that treatments DF1, DF2, and DF3 resulted in significantly higher marketable and dry pepper yield in comparison to treatment ØB. Also, drip fertigation frequency at four and two days (DF2 and DF1) resulted in 9.6 % to 13.6 % higher marketable and 17.6 % to 20.1 % dry pepper yield when compared with drip fertigation scheduled by tensiometers (DF3). Also, our results indicate that drip fertigation is an effective practice in achieving significantly higher WUE. Namely, WUE was 2.50, 2.47, 1.99 and 1.54 kg/m 3 for the treatments DF1, DF2, DF 3 and ØB, respectively.
INTRODUCTION
Water scarcity and drought are the major factors constraining agricultural crop production in arid and semi-arid zones of the world. Innovations for saving water in irrigated agriculture and thereby improving water use efficiency are of paramount importance in water-scarce regions [1] .
Worsened water availability conditions caused by the recent processes of climate warming evoke the attention of the scientists to the efficiency of the water use by crops [2] . A useful tool for successful yield and water management is the yieldwater relationship [2, 3] . Development of water and fertilizer management technology that improve water use efficiency is the key to guaranteeing sustainable cultivation of facilities vegetable [4] . However, efficient use of water by irrigation is becoming increasingly important, and alternative water application method such as the dripping one may contribute substantially to the best use of water for agriculture and to improving the irrigation efficiency [5] .
Pepper is one of the most important vegetable crops produced under irrigated agriculture [6] . According to Dorji et al. [7] , pepper production is confined to the warm and semi-arid countries where water is often a limiting factor for production, necessitating the need to optimize water management. Furthermore, Tanaskovik [8] reported that pepper is among the most sensitive horticultural plants to drought stress. Such sensitivity has been noticed in several researches that studied the fresh and dry matter yield reduction affected by water stress [9] [10] [11] [12] . Generally, the low pepper yield may be associated with water stress or inadequate soil nutrient [13, 14] , which is a result of inadequate water and soil nutrients procurement affected by irrigation and fertilization regime [15] [16] [17] . However, water shortage can be more detrimental to pepper than nutrient deficiency [18] .
The pepper water requirements during the vegetation period are quite big compared to other crops, which is a result of the poorly developed root system [19] and large transpiring leaf surface [20, 21] . Water deficit during the period between flowering and fruit development reduces the final productivity of pepper [22, 23] . Therefore, in order to obtain high yields, pepper needs to be provided with adequate quantities of water throughout the vegetation period. In this relation, many authors have elaborated the topic as to how much attention should be paid to irrigation practice of pepper crop [9, 13, 16, [24] [25] [26] [27] [28] [29] [30] [31] .
Generally, the pepper producers in the Republic of Macedonia have used drip irrigation systems to increase the yield in recent years, but more research is still needed, related to the proper use of water and fertilizers to maximize pepper yield [17] . Also, there are limited results for water use efficiency under different irrigation and fertilization regimes. Therefore, the main objectives of this study were to compare irrigation and fertilization regimes in order to improve water use efficiency, with an aim not only to improve the pepper yield but also to increase the farmer's benefits and tenvironmental protection.
MATERIAL AND METHODS
The field experiment was conducted with pepper crop (Capsicum annum L. var. Bela dolga) pruned at two main shoots ("V" system) and grown in experimental plastic house nearby the Faculty of Agricultural Sciences and Food in Skopje, Republic of Macedonia (42 o [32] with average field capacity of the 0-60 cm soil layer 30.31 %, at a permanent wilting point -12.61 %, and soil bulk density -1.52 g/cm 3 . The average soil pH at 0 to 60 cm depth was 7.30, while soil electrical conductivity ECe was 2.31 dS/m. The soil 0-60 cm layers contained respectively 2.80 mg/100 g available forms of N, 13.2 mg/100 g available P2O5 and 22.5 mg/100g available K2O. According to the literature data for the region [19] , pepper planted in our conditions and yields up to 60 t/ha need the following amount of nutrients: 485 kg/ha N, 110 kg/ha P and 485 kg/ha K. The application of the fertilizer for the treatments was done in two portions. The first application of fertilizers was applied before transplanting of pepper, while the remaining amount of fertilizers was applied through the fertigation system for drip fertigation treatments (Table 2) and conventional fertilization for the control treatment (in two applications, one application at the flowering and second application at fruit formation). Namely, all investigated treatments have received the same amount of fertilizers, but with different methods and frequency of application. The drip irrigation system was designed according to the objectives of the study. Polyethylene pipe with 32 mm diameter was used as the main line to supply irrigation water, while 20 mm for submain lines. Lateral lines were equipped with integrated compensating drippers with a discharge of 4 l/h each crop row. The spacing between the lateral drip pipes was 0.75 m, while the spacing between emitters was 0.33 m. The fertigation equipment used for drip fertigation treatments was Dosatron 16, with a plastic barrel as a reservoir for concentrated fertilizer. Electrical Conductivity of the irrigation nutrient solution throughout the cultivation season was between 0.5-0.7 dS/m. The source of water was of high quality (municipal water supply system for the city of Skopje). The water flow meter was installed for measuring the irrigation application rate.
The first irrigation application rate for all treatments in all three experimental years was based on the soil moisture deficit that would be needed to bring the 0-60 cm soil layer to field capacity. The irrigation program in all three years started immediately after the first irrigation application rate (around 20 th May) and according to the experimental treatments designed for this study presented below. The last irrigation application rate was realized seven days before the last harvest (around 15 th October). The irrigation scheme of the experiment (treatment DF1, DF2, and ØB) was scheduled according to the long-term average (LTA) daily evapotranspiration of pepper in the Skopje region ( Figure 1 ). LTA crop evapotranspiration was calculated by using FAO software CROPWAT for open field and by using crop coefficient (Kc) and stage length adjusted for the local condition.
The irrigation scheme used in the experiment was designed according to a randomized block design for experimental purposes with four treatments, each treatment replicated three times. The experimental treatments were set up according to the daily evapotranspiration rate. The following experimental treatments were applied in this study: Drip fertigation according to daily evapotranspiration rate with application of water and fertilizer in every two days (DF1); Drip fertigation according to daily evapotranspiration rate with application of water and fertilizer in every four days (DF2); Drip fertigation scheduled with tensiometers (DF3) with recommendations undertaken by Tekinel and Kanber [26] ; Furrow irrigation according to daily evapotranspiration with application of water in every seven days and conventional fertilization (ØB). The daily evapotranspiration rate of DF1 and DF2 was decreased by 20 % (coverage coefficient) as a result of applied irrigation technique and regime, similarly to Xie et al. [33] . . The middle row was assumed for experimental purposes. The experimental plants were three in the middle of the experimental row and these plants were used for sampling and determination of WUE. The picking of fruits from the representative plants was carried out in the stage of technological maturity, part of the leaves, most often the older ones, were picked during the vegetation, the other part of the leaves and the entire stem were collected at the end of the vegetation. The procedure for laboratory preparation of the material was carried out according to the recommendations of IAEA [34] . The results for WUE were obtained as a ratio of the total biomass of dry matter and the seasonal water use by crop (evapotranspiration).
The data collected were subjected to analyses of variance using R 3.1.3 statistical software. LSD test at P ≤ 0.05 was used to group the means per treatment when the F-test was significant.
RESULTS AND DISCUSSIONS
The meteorological conditions during the research
The optimal air temperature for growing pepper in a controlled environment is 20-30 °C during the day time and 18-20 °C during the night [35, 36] . Bosland and Votava [22] , reported that best pepper yields can be obtained when the air temperature during day time is 18-32 °C, especially during the stage of fruit formation. According to Daşgan and Abak [37] , maximum daytime temperatures inside the greenhouse depend on the outside air temperatures and vary from 20 °C to 34 °C. In our investigation, the average seasonal temperature in the experimental plastic house during 2005, 2006 and 2007 was 22.83 °C, 22.95 °C and 24.10 °C respectively (Figure 2) .
For the normal growth of pepper and for high and quality yields, the optimal relative air humidity should range from 60 to 70 %. Gvozdenović et al. [38] , reported that lower relative air humidity followed by high air temperature can affect flower and fruit falling. With the exception of October, the average relative air humidity during all three years of investigation was close to the recommended values for pepper production in the protected environment [39] . As was mentioned above, the field experiment was conducted in a controlled environment (plastic house), where precipitation does not have any influence on the crop water supply.
Potential evapotranspiration of pepper under different irrigation and fertigation regime
Potential evapotranspiration or crop water use (ETP) was determined monthly and seasonally by soil water balance method by using direct measurements over the soil layer 0-100 cm [40] [41] [42] and under permanent content of soil moisture and nutrients, as well as permanent agro-technical measures.
ETP month = W1 + I -W2
(1)
ETPmonth in equation 1 presents the potential evapotranspiration (m 3 /ha) total for each month, W1 is active soil moisture content at the beginning of each month, I is irrigation water (mm) during the month and W2 is active soil moisture content at the end of each month. As was mentioned above, our investigation was realized in an experimental plastic house, where precipitations (P) haven't influence on the soil water income. Also, as a result of the controlled irrigation practice of drip and furrow irrigation treatments applied in the study, there were no excess irrigation applications or runoff during the irrigation seasons. Therefore, surface runoff (RO) and deep percolation (DP) were assumed to be zero. Also, the subsurface water and water transported upward by a capillary rise (CR) haven't influence on water income in the root zone, and they were excluded from this estimation. Table 3 .
The seasonal water use (ETP) varied from 4887.9 to 5881.4 m 3 /ha in the different treatments. The highest water use was observed in ØB treatment with 5881.4 m 3 /ha, and the lowest was measured in DF2 and DF1, with 4840.1 and 4887.9 m 3 /ha. DF3 resulted in 5107.3 m 3 /ha seasonally water use. The result for the average seasonal ETP total in our investigation was lower than that recommended by Doorenbos and Kassam [24] , from 600 to 900 mm, which is connected with the proper and controlled irrigation and fertilization regime during all three years of investigation. On the other hand, the results for average the seasonal ETP in our investigation were similar to those observed in our previous investigations [17] , and vary from 492 to 592 mm. Orgaz et al. [43] , reported lower ET in three stems pruned pepper than ours, which was likely enough of different cultivation period and pruning system compared to our investigation.
The results for the average monthly and seasonal ETP in our investigation indicated small differences between the treatments DF1 and DF2, which is connected with the closer irrigation interval of these two treatments. Statistically, there is no significant difference in ETP. As a result of lower drip fertigation frequency, the treatment DF3 showed 4.5 % to 5.5 % higher average seasonal ETP, compared to DF2 and DF1, and the differences were statistically significant. Sezen et al. [16] , reported lower evapotranspiration in drip irrigation treatment with moderate frequency from 6 to 10 days. Generally, the effect of drip fertigation on ETP is presented by the achieved results in treatments DF3 in comparison with ØB. DF3 showed from 14.4 % to 16.5 % lower average monthly ETP and about 15 % lower average seasonal ETP compared to ØB. The results are statistically significant at 0.05 level of probability. Higher ETP in treatment ØB may be associated with continuous water stress and inadequate soil moisture and nutrient content, which also was reported in some other investigations [9, 17] . The influence of irrigation and fertigation regime on marketable pepper yield and fruit weight are shown in Table 4 . From the data presented in Table 4 , it can be concluded that the highest average pepper yield of 71.11 t/ha has been obtained in the treatment DF1, followed by DF2 with 68.40 t/ha or 2.71 t/ha less yield, and treatment DF3 with 8.5 and 5.79 t/ha less yield when compared to DF1 and DF2. The lowest yield of 54.74 t/ha in our study was recorded in the control treatment (ØB). All three treatments with drip fertigation show statistically significant differences at 0.05 level of probability when compared to the control treatment ØB. The lowest pepper yield in treatment ØB in our study is a result of continuous soil moisture stress during mass fructification and inadequate soil nutrient procurement affected by the applied irrigation and fertigation technique, what was the purpose of other our research [17] . Candido et al. [13] emphasized that water deficit and reduced fertilizer availability, especially of nitrogen, are very harmful to bell pepper during the reproductive phase. Furthermore, the low pepper yield in treatment ØB in our study is associ-ated with the results of several researches where soil moisture stress and limited irrigation caused decreases to yield and vegetative growth of pepper [3, 12, 18, 28, 44] . For high pepper yields, an adequate water supply [31] and relatively moist soils are required during the total growing period [19, 27] . Therefore, the positive effect of drip fertigation on yield in our research is due to the continuous intake of the readily available water and nutrients in the small volume of soil, from where they were actively extracted by the plant. If nutrients are applied outside the wetted soil volume they are generally not available for crop use [45] . A number of other investigators emphasize results with higher pepper yields, where drip irrigation or drip fertigation was applied in comparison with conventional irrigation and fertilizerapplication [9, 13, 15, 16, 29, 30] . When we compared the drip fertigation treatments among themselves, it is clear that the high drip fertigation treatments DF1 and DF2 create a better environment for increasing of the yields in comparison with the low drip fertigation treatment DF3. Namely, treatment DF3 resulted in a 9.6 % to 13.6 % lower pepper yield in comparison to DF2 and DF1. According to Agele et al. [46] , the trend to increase crop yields has led to frequent fertigation and therefore the time intervals between successive fertigation events have diminished to hours or even less. Bar Yosef [47] reported better pepper yields in treatment with drip fertigation 2 or 3 times a day (71 t/ha) compared to every day (68 t/ha) or every 2 day drip fertigation (66 t/ha). Also, various researches reported better yields in pepper and other crops by using high-frequency in comparison with lowfrequency drip irrigation and fertigation [16, [48] [49] [50] [51] [52] .
In the present study, we have documented that drip fertigation has an influence on the average pepper fruit weight too. The highest values of average pepper fruit weight were noted in treatments DF1 and DF2 with 73.15 g and 69.18 g, then comes the treatment DF3 with 63.42 g and then comes the ØB with the lowest fruit weight 56.99 g. All treatments under drip fertigation showed a statistically significant difference compared to the control treatment ØB. Also, statistically significant differences were noted among any of the drip fertigation treatments. Generally, the lower average pepper fruit weight in treatment ØB compared to the drip fertigation treatments can be attributed to the irrigation and fertigation technique, while in DF3 as a result on prolongated drip fertigation frequency proceeded with a pretty higher quantity of water and nutrients in comparison with DF1 and DF2. The water deficit imposed during the late flowering-early fruit set phase causes lower size, number, and weight of pepper fruits as well as yield losses [13] . Abayomi et al. [14] , reported that the number and weights of marketable fruits decreased by low soil moisture and increased by the application of nitrogen fertilizer. Also, our results from the present investigation correspond with those of Tanaskovik et al. [51] , where drip irrigated and fertigated tomato was compared with banded and furrow irrigation. Furthermore, a number of other researchers report better yield components in pepper and different vegetable crops especially when different irrigation and fertigation techniques were applied [26, 30, 53] .
Dry matter pepper yield and water use efficiency under different irrigation and fertilization regime
The results for total dry matter pepper yield show the same pattern as a fresh fruit yield, which would once again indicate yield increase with the simultaneous application of water and nutrients through the drip irrigation system. The results obtained for dry matter pepper yield (D. M. yield) in drip fertigation treatments showed a statistically significant difference at 0.5 level of probability compared with the control treatment ØB. Similar results of D. M. yield in drip compared with furrow irrigated and drip fertigated compared with conventional irrigation and fertilization in pepper crop reported Antony and Singandhupe [9] and Tanaskovik et al. [17] . In this context, González-Dugo et al. [10] indicated that a continuous deficit of soil moisture affects the decrease of pepper D. M. yield. Also, in the present study, the drip fertigation frequency points to differences in the yield of total dry matter, i.e. the treatment DF3 (average at seven days drip fertigation) has noted a yield lower by 2.05 t/ha in comparison to DF1, i.e. by 1.79 t/ha in comparison to DF2, and the differences were statistically significant at 0.05 level of probability. And many other authors [17, [50] [51] [52] have noted a higher dry matter yield individually by leaf, stem, fruit and totally in different vegetable crops in higher than in lower drip fertigation frequency.
The data obtained for water use efficiency (WUE) in our study are in relation to the previously mentioned results. From the data presented in Table  5 , it can be concluded that treatments DF1 and DF2 with 2.50 and 2.47 kg/m 3 , respectively, have shown the highest water use efficiency. As a result of lower irrigation frequency, the treatment DF3 has shown 1.99 kg/m 3 WUE, or by 0.51 and 0.48 kg/m 3 lower produced dry matter yield compared to DF1 and DF2, and the differences were statistically significant. The differences between the drip fertigation treatments are a result of irrigation and fertigation frequencies. Sezen et al. [16] in their investigations with different irrigation regime in pepper crop, reported the highest yield and WUE in the treatment with drip irrigation frequency of 3 to 6 days, while in the drip irrigation treatment with irrigation frequency from 6 to 11 days and 9-15 days yield and water use efficiency decrease. Also, the results from our investigation correspond with those to Oğuzer et al. [25] were daily irrigated pepper show almost three times higher WUE in comparison with irrigation at every three days. Tanaskovik et al. [51] and Phene et al. [48] , reported better WUE in high compared to low drip fertigated tomato crop. In this context, Bar-Tal et al. [54] indicated that high concentrations of nutrients used in prolongated fertigation lead to fluctuations from high or even excessive concentration immediately after irrigation in the rhizosphere to deficit levels as time proceeds. Therefore, high fertigation or irrigation frequency may represent a strategy to increase N uptake efficiency in many vegetable crops [55] .
Furthermore, from the data obtained by WUE in our study, once again it is clear that the treatments under drip fertigation indicated the best results with a statistically significant difference in comparison with ØB. If our results are presented in comparative values, then WUE in the treatments DF1 and DF2 were almost 60 % higher in comparison with ØB. Also, the treatment DF3 obtained more than 29 % higher WUE in comparison with treatment ØB. Our results correspond with several researches [9, 15, 16, 26] , where different irrigation or fertigation techniques were evaluated over the pepper WUE. Also, a number of other researches with different vegetable crops reported higher WUE as a result of suitable drip irrigation and applying fertilizer's through the system in comparison with conventional irrigation and spreading of fertilizers on soil [4, 49, 51, 56] . Moreover, higher WUE in drip fertigation treatments compared with ØB in the present study can be associated with higher nitrogen fertilizer use efficiency (NFUE), which was the purpose of our other research [17] . Similar results as ours are observed in drip fertigation pepper, tomato, cucumber, melon and eggplant by Halitligil et al. [15] . Yasuor et al. [57] , reported that a higher concentration of nitrogen in irrigation water significantly influenced its uptake in the whole plant and among the plant's organs. According to Drechsel et al. [58] , improvements in nutrient use efficiency should not be viewed only as a result of fertilizer management, because nutrient plant use is closely related with soil water stress and water management.
Stagnari and Pisante [59] and Ouzounidou et al. [60] indicated that nitrogen is one of the major potential environmental contaminants and, therefore, our results for water use efficiency are very important for the environmental protection from nitrogen pollution, especially in intensive agriculture, where water and nutrients are the most utilized resources for obtaining greater yields per unit area.
CONCLUSIONS
From the results in the present study, it can be concluded that the irrigation and fertilization techniques and drip fertigation frequencies are significantly important in order to obtain higher marketable yield and pepper fruit weight, as well as dry pepper yield. Furthermore, water use efficiency was significantly increased with the application of fertilizer through drip irrigation as compared to the furrow irrigation and spreading of fertilizer on the soil. Moreover, high-frequency drip fertigation are highly recommended for improving water use efficiency. Therefore, for similar conditions of growing pepper as ours, to achieve appropriate marketable yield, we recommended drip fertigation with high frequency (two or four days) in order to increase water use efficiency and to minimize the environmental impact from nitrogen pollution.
